Purpose To evaluate intraocular pressure (IOP) fluctuation during office hours and its predictive factors in untreated primary angleclosure suspects (PACS); post-iridotomy primary angle closure (PAC) and primary angle-closure glaucoma (PACG) eyes with or without IOP-lowering medication(s) as appropriate and medically treated primary open-angle glaucoma (POAG) eyes. Methods One-hundred seventeen eyes (29 PACS, 30 PAC, 28 PACG, and 30 POAG) of 117 patients were included in this crosssectional study. The subjects underwent hourly IOP measurements with Goldmann tonometer from 0800 to 1700 hours. Subjects with PAC and PACG had laser peripheral iridotomy at least 2 weeks prior to the inclusion. SD of office-hour IOP readings was the main outcome measure. Results IOP fluctuation differed between the groups (P = 0.01; Kruskal-Wallis Test). Post hoc Mann-Whitney U-tests showed significantly less IOP fluctuation in PACS compared with PACG (Po0.01). Peak office-hour IOP was observed in the morning in untreated subjects and in the early afternoon in treated subjects. A stepwise linear regression model identified the presence of peripheral anterior synechiae (PAS), thickness of lens, large vertical cup-to-disc ratio (VCDR), and PAC category as significant predictive factors associated with office-hour IOP fluctuation. Conclusions Diurnal IOP fluctuation in asymptomatic PACSs was less than that in treated PACG subjects and was at least comparable to that in treated PAC and POAG subjects. The greater the amount of PAS, the thicker the lens, the larger the VCDR, the greater was the IOP fluctuation during office hours.
Introduction
Intraocular pressure (IOP) is a major risk factor for the development and progression of glaucoma. The amplitude of 24-h IOP fluctuation has been demonstrated to be higher in patients with or suspected to have openangle glaucoma compared with the control group. 1,2 Fluctuation of IOP, both during 3 and beyond office hours 4 has been shown to be an independent risk factor for the progression of open-angle glaucoma. However, available literature on fluctuation of IOP in angle-closure disease is sparse.
Sihota et al 5 reported significantly higher diurnal IOP fluctuation in primary angleclosure glaucoma (PACG) and primary openangle glaucoma (POAG) groups compared with normal controls. However, they did not include angle-closure eyes with o180˚peripheral anterior synechiae (PAS) on indentation gonioscopy. Diurnal IOP was significantly higher in PACG patients post laser peripheral iridotomy (LPI) and untreated POAG patients compared with normals. Baskaran et al 6 followed International Society for Geographical and Epidemiological Ophthalmology (ISGEO) classification for angle-closure disease. 7 The combined PACG and primary angle-closure (PAC) group had more than twice the risk (odds ratio, 2.38) of having IOP fluctuation of more than 3 mm Hg compared with the combined primary angle-closure suspect (PACS) and normal group. Although the subjects with PACG had the highest diurnal IOP fluctuation in both the above studies, the effect of the anti-glaucoma medications on the diurnal IOP fluctuation had not been studied in either of them. Moreover, Baskaran et al 6 used a noncontact tonometer and not the gold standard Goldmann applanation tonometer (GAT) in their study. The treated POAG patients in previous studies on IOP fluctuation either do not truly represent treated POAG glaucoma as a whole or have issues in data collection. [8] [9] [10] Baskaran et al 6 enrolled study subjects after LPI but before commencement of any medical or surgical treatment. Current consensus recommends LPI in selected PACS eyes. 11 Nevertheless, fluctuation of IOP in untreated PACS eyes is yet unreported.
The aim of this study was to evaluate IOP fluctuation during office hours and its predictive factors in untreated PACS, post-iridotomy PAC eyes with or without IOPlowering medications as appropriate, and treated PACG and POAG eyes.
Materials and methods
One hundred and eighteen subjects aged 40 years or older and consecutively attended the glaucoma clinic at a tertiary eye care hospital were enrolled in this study. All participants underwent gonioscopy using an indentation gonioscope. Nature of the angle was established in dim illumination taking care that the slit beam did not fall upon the pupil. The subjects with iridotrabecular apposition in whom the posterior trabecular meshwork was not visible for 180°or more (modified from ISGEO definition 7 ), without raised IOP, PAS, or optic nerve head changes consistent with glaucomatous optic neuropathy, were classified as PACS. We defined PAC as an eye with PACS and PAS and/or elevated IOP without glaucomatous damage of the optic disc; and PACG as an eye with PACS with evidence of glaucoma as defined by the ISGEO. 7 We defined PAS in number of clock hour(s) with irido-trabecular apposition not broken by indentation gonioscopy. Subjects with IOP 421 mm Hg at the time of diagnosis, open drainage angles, and having optic disc changes consistent with glaucoma and corresponding visual field defects on automated static perimetry were termed POAG. The exclusion criteria were monocular status, previous intraocular surgery in either eye, history of acute angleclosure attack, presence of any corneal pathology, nanophthalmos, satisfying any criteria for doing LPI in PACS, advanced glaucoma with vertical cup-to-disc ratio (VCDR) ≥ 0.9 : 1 with biarcuate glaucomatous field defects and macular involvement, pseudoexfoliation, pigment dispersion, other secondary glaucomas, and failure to apply scheduled dose of ocular hypotensive medication in the morning or the previous night, if any with respect to the day of office-hour IOP measurement. The criteria for doing LPI in PACS eyes were presence of PAC or PACG in the fellow eye, need for repeated dilated examinations, poor access to regular ophthalmic care, and confirmed family history of PACG. 11 All subjects underwent a comprehensive ophthalmic examination and diagnostic procedures. Ocular biometry included keratometry (Bausch and Lomb Keratometer, Rochester, NY, USA); central anterior chamber depth (ACD), lens thickness (LT) and axial length (AXL, Alcon Ultrasonic Biometer, Ocuscan, Alcon Laboratories, TX, USA). The vertical corneal diameter and pupil diameter were measured using a centimeter scale. The diameter of pupil was studied in dim-room illumination. Central corneal thickness (CCT) was measured by an ultrasound pachymeter (Alcon Ultrasonic Biometer, Alcon, TX, USA). Peripheral ACD was graded as per the modified van Herick technique. 12 A single trained observer (SS) performed four-mirror Posner gonioprism (Mentor, OH, USA) assisted gonioscopy, adjudicated by an experienced glaucoma specialist (MB). The observer was masked to the diagnosis. The number of clock hours of PAS was specifically noted. Subjects with PAC and PACG underwent LPI before pupillary dilatation and at least 2 weeks prior to office-hour IOP recording. Following iridotomy, the subjects were asked to instill Prednisolone Acetate eye drops (Allergan, Bangalore, India) QID only for a week. Stereo-biomicroscopic disc evaluation was done with +90 D lens to record the VCDR along with neuroretinal rim changes. The eyes were categorized into three groups based on VCDR; which is ≤ 0.3, 0.4-0.6, and ≥ 0.7. Humphrey visual field (HVF) 24-2 SITA Standard program (model 750, Carl Zeiss Meditec, Dublin, CA, USA) was performed in subjects with PAC, PACG, and POAG.
IOP readings were obtained hourly from 0800 to 1700 hours on a separate day using GAT. The ocular surface was anaesthetized with 0.5% Proparacaine eye drops (Sunways, Mumbai, India). IOP was always measured first in the right eye. A single observer (SS) performed all tonometry measurements using the same Goldmann applanation instrument. We checked the applanation instrument for calibration error(s) as per the manufacturer's instructions every morning prior to starting patient measurements. IOP reading at each hour was the mean of three consecutive IOP readings. Subjects were instructed to avoid drinking ≥ 500 ml of any liquid 2 h before or during office-hour IOP recording. 13 The subjects who were on TID medications received their medication as per schedule while undergoing the diurnal testing. The primary outcome measure was IOP fluctuation defined as the SD of office-hour IOP readings. The secondary outcome measure was IOP fluctuation defined as the range of IOP (peak minus trough) readings during office hours.
Statistical analysis was performed using SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA). One eligible eye of each subject was considered for the analysis. If both the eyes were eligible and belonged to the same diagnostic criteria, one eye was chosen after randomization (MS Excel 2003, New York, NY, USA). The demographic and clinical data as well as peak, trough, range, and SD of IOP during office hours were compared between the groups. Continuous variables between groups were compared using parametric (oneway analysis of variance) and non-parametric analysis (Kruskal-Wallis test), and categorical variables were compared using the χ 2 -test for proportions or Fisher's exact test, as appropriate. Post hoc analysis between individual groups was performed by Tukey's or MannWhitney U-test for parametric or non-parametric data, respectively. A stepwise linear regression analysis was performed to assess the risk factors for IOP fluctuation among the angle-closure disease and POAG groups using age, gender, number of anti-glaucoma medications, mean keratometry, corneal diameter, CCT, pupil diameter, number of clock hours of PAS, ACD, LT, AXL, and VCDR as predictor variables. Po0.05 was considered statistically significant.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this research.
Results
One hundred and eighteen (30 PACS, 30 PAC (16 medically treated), 28 PACG, and 30 POAG) subjects were enrolled in this study. One patient with PACS had essential blepharospasm and was excluded from the analysis. No PACS subject did satisfy any criteria for LPI. All PACS subjects were untreated. All PAC and PACG subjects had LPI at least 2 weeks prior to office-hour IOP recording. Subjects with PAC, PACG, and POAG were on treatment with anti-glaucoma medications at the discretion of the treating ophthalmologist.
Demographic and clinical data are summarized in Table 1 . IOP recruitment, corneal diameter, ACD, AXL, and mean (MD) and pattern SD (PSD) on HVF did differ significantly between the groups. Post hoc Mann-Whitney U-test did show significant difference in IOP at recruitment between PAC and all other groups (PACS vs PAC, Po0.01; PAC vs PACG, Po0.01; and PAC vs POAG, Po0.01). Corneal diameter did differ only between PACS and POAG groups (Po0.01). ACD differed significantly between all subtypes of angleclosure disease and POAG group (PACS vs POAG, Po0.01; PAC vs POAG, Po0.01; PACG vs POAG, Po0.01) and also between PACS and PAC groups (P = 0.01). Similarly, AXL differed significantly between all subtypes of angle-closure disease and POAG group (PACS vs POAG, Po0.01; PAC vs POAG, Po0.01; PACG vs POAG, Po0.01) and also between PACS and PAC 16 eyes in the PAC group were medically treated.
Data on corneal diameter, mean keratometry, pupil diameter and vertical cup-to-disc ratio of optic disc is not shown.
IOP fluctuation in glaucoma S Srinivasan et al groups (P = 0.03). Optic disc cupping was significantly different between the groups (Po0.01; χ 2 -test). Seventeen (58%) PACS eyes belonged to VCDR category 1, 23 (76%) PAC eyes belonged to VCDR category 2, whereas 20 (71%) PACG and 26 (86%) POAG eyes belonged to VCDR category 3. MD and PSD on HVF differed significantly between PAC and PACG (Po0.01) and PAC and POAG groups (Po0.01), respectively. Table 2 shows office-hour IOP data. Peak IOP differed between PACS and PAC groups (P = 0.01), PAC and POAG groups (Po0.01), and PACG and POAG groups (P = 0.02). Similarly, trough IOP differed significantly between PACS and PAC groups (Po0.01), PACS and PACG groups (P = 0.04), and PAC and POAG groups (Po0.01). The SD of office-hour IOP was significantly different between the groups (P = 0.01; Kruskal-Wallis Test). Post hoc pair wise Mann-Whitney U-tests showed significantly different SD of office-hour IOP fluctuation only between PACS and PACG (Po0.01). However, the range of IOP fluctuation during office hours did not significantly differ between the groups (P = 0.09; KruskalWallis Test).
We observed peak IOP at 0900 hours in the PACS group (Figure 1a) , at 1100 hours in the PAC group (Figure 1b) , and around noon (at 1200 hours in the PACG group and at 1300 hours in the POAG group) in the glaucomatous groups (Figure 1c and d) . We did not observe a statistically significant difference in the number of anti-glaucoma medications in the treatment groups (P = 0.63).
No eye with PACS or POAG had any PAS. Sixteen (53.3%) eyes with PAC and 20 (71.4%) eyes with PACG did not have PAS. Up to 3 clock hours of PAS were present in 13 (43.3%) eyes with PAC and 4 (14.2%) eyes with PACG. No eye had 4270 degree synechial angle closure. The pre-iridotomy extent of gonioscopic synechial angle closure is categorized in Table 3 .
The factors that were positively correlated with SD of office-hour IOP were extent of clock hours of PAS (Pearson's correlation coefficient (r) = 0.29, Po0.01), VCDR (r = 0.18, P = 0.04) and LT (r = 0.2, P = 0.02).
A stepwise linear regression model identified the presence of PAS, thickness of the lens, large VCDR and PAC category as significant predictive factors associated with office-hour IOP fluctuation defined as SD of IOP (Table 4) .
Discussion
We report IOP fluctuation during office hours in untreated PACS and treated PAC, PACG, and POAG. Office-hour IOP fluctuation in untreated PACS was significantly lower than that in the treated PACG and was at least comparable to that in treated PAC and POAG. The presence of PAS and thickness of the lens were the main predictive factors for IOP fluctuation during office hours.
PACS is defined by ISGEO as an eye in which ≥ 270°a ppositional contact between the peripheral iris and posterior trabecular meshwork is considered possible with no structural or functional optic nerve damage. 7 The propensity of appositional angle closure in PACS to cause IOP fluctuation is not completely explored. Sihota et al 5 found comparable range of diurnal IOP fluctuation between chronic PACG (7.69 ± 3.03 mm Hg) and POAG (8.31 ± 2.58 mm Hg) eyes. However, the PACG eyes had undergone LPI and were medically untreated, and other subtypes of angle-closure disease were not studied. Baskaran et al 6 investigated IOP fluctuation during office hours in various forms of angle-closure disease. In their study, office-hour IOP fluctuation was significantly higher in PAC (4.5 ± 2.3 mm Hg) and PACG subjects (5.4 ± 2.4 mm Hg) compared with PACS subjects (3.7 ± 1.2 mm Hg) and normal controls (3.8 ± 1.1 mm Hg). The PAC and PACG groups showed higher mean IOP, peak IOP, and IOP fluctuation compared with PACS and normal groups. However, all angle-closure subjects (including those with PACS) were enrolled in the study after LPI but before commencement of any medical or surgical treatment. 6 In contrast, angle-closure suspects in our study had not undergone iridotomy. This is relevant since laser iridotomy to relieve the pupillary block is not recommended in all eyes with PACS. 11 In addition, the subjects with PAC, PACG, as well as POAG were under anti-glaucoma medications as appropriate.
The IOP fluctuation during office hours in POAG eyes in our study was 4.47 ± 1.69 mm Hg. The peak and trough mean IOPs in the POAG group were 17.17 ± 3.79 and 12.7 ± 3.06 mm Hg, respectively. These results compare well with earlier studies on treated POAG. [8] [9] [10] However, these studies 8, 9 except the one by Jonas et al 10 have reported IOP fluctuation during office hours in patients with POAG whose visual fields deteriorated despite acceptable office IOP levels or cases when a suspicious optic disc is discovered with normal office IOP. These patient groups may not truly represent treated POAG glaucoma as a whole. Jonas et al 10 reported diurnal IOP profiles in open-angle and normal tension glaucoma. The range of circadian IOP fluctuation in 46 eyes under treatment for POAG was 5.74 ± 3.44 mm Hg. However, the IOP measurements were performed by different observers using multiple Goldmann tonometers.
Baskaran et al 6 discovered peak IOP in the morning hours between 0800 and 0900 hours in all subtypes of angle-closure disease and control eyes. Similarly, we found IOP peak at 0900 hours in the untreated PACS group. The around noon IOP peak in our POAG group was comparable to one study, 8 but was in contrast to another, 10 which reported IOP peak in early morning in treated POAG group. In the latter study, most of the patients were receiving topical β-blockers twice daily and the early morning IOP readings were obtained just before the morning dose of medication. This might have influenced the diurnal IOP profile. These findings may have implications for timing of tonometry.
The extent of PAS can be a surrogate marker for a compromised trabecular meshwork outflow resulting in diurnal IOP fluctuation. The result may suggest that the extent of PAS can be utilized as a clinical marker to make treatment decisions in angle-closure disease.
To our knowledge, biometric ocular measurements were not studied earlier as independent risk factors for diurnal IOP fluctuation in glaucoma. In our study, thickness of the lens was the only biometric factor associated with significant IOP fluctuation during office hours. Use of ocular hypotensive medications could have prevented our finding any association between biometric parameters and office-hour IOP fluctuation. Moreover, ocular biometric parameters themselves have been shown to have a significant diurnal fluctuation. 14 Our study identified larger VCDR as a risk factor for IOP fluctuation during office hours. Similarly Baskaran et al 6 found another marker of severity of glaucoma, which is degree of visual field loss to be significantly associated with office-hour IOP fluctuation in patients with angle-closure disease. However, our study cannot establish cause and effect relationship between larger VCDR and IOP fluctuation. Larger VCDR might be the effect and not the cause of larger IOP fluctuation. Moreover, VCDR is dependent upon the size of the optic disc and, therefore, is not steady information.
Our study has few limitations. First, we did not have a control group of normal eyes. LPI and IOP-lowering medications change fluctuation of IOP. This might have negated any intergroup difference with regard to our secondary outcome measure, which is range of IOP fluctuation during office hours. However, current consensus recommends LPI only in selected PACS eyes and, therefore, we were interested in studying IOP fluctuation in untreated PACS and comparing it with that in other varieties of primary glaucoma under treatment as appropriate. We did not exclude data from any subject on the basis of failure of the subject to apply scheduled dose of ocular hypotensive medication with respect to the day of office-hour IOP measurement; however, we did not formerly assess compliance of the study subjects with their medications. Various other factors may affect diurnal IOP recording, such as blood pressure fluctuation, squeezing of eyelids, ocular pulse amplitude, and a tight collar. 15 We did not study these factors. The magnitude of nocturnal IOP fluctuation might be larger than the diurnal fluctuation seen in this study particularly in angle-closure suspects without LPIs; however, we did not study nocturnal IOP variation. We did not attempt to classify plateau iris and study it as a risk factor for diurnal IOP fluctuation. In addition, we did not do HVF in PACS eyes for logistic reason, and therefore, did not use HVF data in linear regression.
In summary, this study has shown for the first time that the office-hour IOP fluctuation was significantly lower in untreated PACS than that in treated PACG and was at least comparable to that in treated PAC and POAG. Peak diurnal IOP was observed in the morning in the untreated subjects and in early afternoon in the treated subjects, warranting differing IOP monitoring protocols and appropriate treatment modifications. The presence of PAS and increased LT were found to be the significant risk factors for office-hour IOP fluctuation. A larger VCDR as a surrogate marker for the severity of the disease was also associated with higher IOP fluctuation during office hours.
